The collective interaction via the environmental vacuum is investigated for a mixture of two deviating multi-atom ensembles in a moderately intense laser field. Due to the numerous inter-atomic couplings, the laser-dressed system may react sensitively and rapidly with respect to changes in the atomic and laser parameters. We show for weak probe fields that in the absence of absorption both the index of refraction and the group velocity may be modified strongly and rapidly due to the collectivity.
In this letter we show that the mutual interactions of atoms via the quantum fluctuations of the surrounding electromagnetic field (EMF) [16] are suitable to generate transparent media with large indeces of refraction of order 10 or high dispersion of arbitrary sign. In particular we point out that the effects may be considerably larger than for the same amount of independent atoms and may be set up on a time scale of 10 −9 s (GHz). Furthermore, the group velocity of a weak probe field propagating through the strongly driven two-level medium may be substantially slowed down or strongly accelerated.
For this purpose, we consider an atomic system consisting of two ensembles of two-level atoms, numbered N a and N b , with densities of order 10 12 − 10 14 cm −3 , and with somewhat different transition frequencies, and interacting with a single moderately strong laser field (see Fig. 1 ). The corresponding Rabi frequencies are {2Ω a , 2Ω b } and spontaneous decay of all closely spaced atoms occurs via interaction with a common electromagnetic field reservoir with rates {2γ a , 2γ b } from excited states {|2 a , |2 b }, respectively. In order to treat the atoms uniformly we suppose that {L/c, Ω
where L, c and τ s are the largest dimension of the sample, the light velocity and the collective decay time, respectively. When scanning the composed atomic sample with, say for instance, a dye or diode laser [17] , and depending on the resonance condition for each kind of atom and thus the employed laser frequency, generally one or the other atom specy may dominate the final steady-state collective behavior.
In the conventional mean-field and rotating-wave approximation, the interaction of the laser-driven atomic sample with the surrounding EMF bath is described in a frame rotating with the laser frequency ω L , via the Hamiltonian:
where
Here the first and the second terms in Eq. (1) represent the free EMF (H f ) and the free atomic plus laser-atom interaction Hamiltonian (H 0 ), respectively. The last term of Eq. (1) describes the interaction (H i ) of the atoms with the environmental vacuum modes (a k ). The collective atomic operators S 
The diagonal (i = j) contribution of the first term on the right-hand side describes the collective damping due to the spontaneous emission of atoms, while that proportional to Eq. (2) involving the collision rates r i accounts for collisional damping of atoms which alter the phase of the atomic state but not its population [15, 18] .
In the intense-field limit (Ω i ≫ γ i N i ), the master equation Eq. (2) transforms into the dressed-state picture (|Ψ
for {i ∈ a, b}, {j ∈ 1, 2}) via
with cot 2θ i = ∆ i /2Ω i , {i ∈ a, b}. In the secular approximation, i.e. upon omission of the terms oscillating with Rabi frequencyΩ a(b) = Ω 
Here On employing the atomic coherent states for two-level atoms [19] and the solution in Eq. (4), we derive the expectation values for any collective atomic correlators of interest.
In particular, the steady-state expectation values for the collective dressed-state inversion operators R (i) z s can be obtained for {i ∈ a, b} and with Z = Z a Z b :
In what follows we concentrate on the case with almost equal parameters for the two types of atoms, i.e. 
Note that the steady-state (subindex s) of the atomic correlators in Eq. (5) should be calculated with the help of Eqs. (3,4) .
Introducing Eq. (3) in Eq. (5), and making use of both the secular approximation and the quantum regression theorem [18] , together with Eq. (4), then the dispersion and absorption features can be described via:
HereΩ i =Ω i /(γ i N i ), whileN i is the atomic density.∆
corresponds to the detuning of the weak probe field frequency with respect to the driving field, whileγ i = (γ
z s , respectively. It should further be noted that in Eqs. (6) we have employed the so-called decoupling scheme for symmetrical atomic correlators as valid for N ≫ 1 [14] . In the absence of collective effects (γ (see Fig. 2a ) and, thus, the probe field is absorbed. Here ∆ a /(2Ω) = 0 means that R z s = 0 and, respectively, the susceptibility is small though nonzero. Note that for a single-type atomic ensemble one can achieve complete transparency at this point. Increasing further ∆ a , i.e. ∆ a /(2Ω) > 0, the dressed -state population is transferred completely to |Ψ (a) 1 and the probe field is amplified. Thus, the second ensemble contributes here to a strong shift of the susceptibility resulting in zero absorption with large dispersive features. In particular, the index of refraction yield with close to vanishing absorption n(ν) ≈ 1 + χ ′ (ν) [18] which for the sample parameters given above takes values larger than n > 8 [see Fig. (3a) near ∆ a /(2Ω) ≈ 10 −3 ]. However, without collective effects, i.e. a noninteracting ensemble of N a = N b = 1000 atoms, the index of refraction would only be close to unity at the point of vanishing absorption. The index of refraction n can be further enhanced by increasing λ 3N , but then the atoms would be such close to each other that short-range dipole-dipole interactions need be taken into account. Moreover, χ ′ may be smaller than −1 at frequencies where the absorption vanishes meaning that the weak-probe field can not propagate anymore through the atomic medium (see Fig. 3 ).
Furthermore, once the probe field frequency is adjusted near resonance with the barestate transition frequencies of atoms a or b, one can observe steep dispersive features at ∆ a ∈ {0, ∆ω} (see Fig. 2b ). However, the magnitude of the susceptibility, in this case, is the same as for a few-atom sample, except the dispersive slopes. These results can be employed to induce a rapid phase shift for a weak field travelling through the strongly driven atomic sample. Note that at the points, where the ∆ i change the sign, the two-level emitters are in a strong collective phase [15] and, thus, abrupt changes of χ ′ are due to strong collectivity. Also, the collisional damping does not affect considerably the collective steady-state behavior, and its influence can be balanced by increasing the number of atoms.
This means that the collisional damping influences small atomic samples while larger atomic systems are less sensitive with regard to kind of phase damping.
We demonstrate further that collections of two-level atoms are suitable for rapidly switching between strongly accelerating or slowing down of a weak probe pulse traversing through driven two-level media. The light group velocity can be estimated from the following expres- In summary we have demonstrated that collective interactions among two-level radiators are suitable to generate highly refractive media with GHz switching times to strongly deviating properties. Further, the group velocity of a weak electromagnetic field pulse probing the laser-driven atomic sample may be abruptly altered depending sensitively on the external atomic and laser parameters.
